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Introduction

An interesting anomaly exists between the prevailing ideas

as to the relationships of the species of pyrenocarpous lichens

with similar species of pyrenomycetous fungi. Although few

lichenologists have studied related fungi to any extent, most

of them are firmly convinced that the Pyrenocarpeae are mono-

phyletic in origin and that the so-called 'Ziehen symbiosis"

has been an association of considerable age that has resulted

in significant evolutionary modifications within the group. The
majority of mycologists, on the other hand, although as un-

acquainted with the details of lichen morphology as are the

lichenologists with those of the fungi, are as firmly convinced

that the same lichens are predominantly the result of the para-

sitism of various algae by different species of* fungi and cor-

respondingly that the group is not a phylogenetically distinct

unit.

* A revision of a portion of a thosis submitted in partial fulfillment of the require-

ments for the degree of doctor of philosophy in the Henry Shaw School of Botany
of Washington University.
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A preliminary survey of the families of pyrenocarpous

lichens indicated that a study of the Trypetheliaceae should

help to clarify the issue outlined above as well as increase our

knowledge of the detailed morphology of lichens. This family

is almost universally recognized by lichen systemafists and

they have diiferentiated it from other families chiefly in that

*'the perithccia are borne embedded in a stroma." The mem-
bers of the family are often compared with the stromoid pyre.

nomycetes where similar structures are said to exist, and the

greatest argument among lichenologists for the retention of

the Trypetheliaceae as a family has been the major role rhat

the stroma plays in the classification of the group considered

analogous to it in the fungi. This latter fact suggested that

one logical approach to the study of the relation of lichens to

the fungi would be to examine the manner of development uf

the Trypetheliaceae and to compare this with that of the stro-

moid members of the Pyrenomycetes. Such an investigation,

which has not hitherto been attempted, is reported in this

paper. The results obtained do not fulfill all the predictions

of those who have failed to base their observations upon de-

velopmental studies, and contributions are recorded to the

detailed development of members of the Trypetheliaceae, their

microscopic morphology in relation to their taxonomic treat-

ment, and their probable evolutionary development.

Historical Review

The Trypetheliaceae is a relatively ancient lichen family,

its demarcation from other groups being suggested by Esch-

weiler as early as 1824. Tuckerman (1872), Mtiller-Argau

(1885), Zahlbruckner ('03- '07, '26), Smith ('21), Malnie ('24),

Fink ('35), and Keissler ('37) are systematists whose similar

treatment indicates its almost universal acceptance. In its

earlier stages the family included genera now assigned to other

families, as Arthonia, Glyphis, Chiodecton, and Astrothelium.

Miiller-Argau, in 1885, delimited it to its generally accepted

present form, embracing the genera Mdanotheca, Trypethe-

lium, Tomasellia, Laurcra, and Bottaria. Since that time the
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Trypetheliaceae have been considered as differentiated from
other lichens by the following combination of characters : asci

borne enclosed in a flask-shaped fruiting body (perithecium)

;

perithecia united in a "stroma," each perithecium erect, with
its own apical pore ; thallus crustose, containing Trentepohlia,

Only two lichenologists, Wainio (1890) and Watson ('29),

have distributed such lichens among other genera or families.

A glance at the other families of the Pyrenocarpeae imme-
diately shows that the chief characteristic of the Trypethelia-

ceae is the aggregation of separate perithecia into a so-called

stroma. It is an interesting fact that the microscopic structure

of this fundamental character of the family has never been

accurately described. This is all the more striking when one

carefully considers the following statement which was at-

tached by Wainio (1890, footnote p. xxiii) to a discussion of the

stromatic appearance of Glyphis, Chiodecton, and Trypethe-

lium: **Pour les distinguer des stromes des Champignons,
nous nommons pseudostromes les excipula adherents, parce

que ces organes, aussi bien par leur structure que par leur mode
de developpement, presentent des differences importantes.

"

Wainio did not describe in detail the major differences that

he insinuates are visible between the stromata of fungi and
the structures present in the lichens cited. It is evident from

the discussion in the text, however, that his concept of pseudo-

stromata was somewhat loosely formulated or else was based

upon macroscopic resemblances for he considered that not only

species at present assigned to the Trypetheliaceae but that

Glyphis and Pertusaria, among others, possessed them. The
term is perpetuated in the literature in connection with sev-

I

eral families of lichens (Trypetheliaceae, Astrotheliaceae,

Mycoporaceae, Thelotremaceae) by Miss Smith ('21), but she

merely accepted Wainio 's statements as authority for doing so

and did not describe the morphological details of the structure

she designated in such a manner.
i

In discussing the Trypetheliaceae in the first edition of

Engler-Prantl's 'Die natiirlichen Pflanzenf amilien, ' Zahl-

bruckner ( '03, p. 69) made the following statements

:
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Wainio anerkennt das Stroma oder ^^Pseudostronia/' wie er es bt^zcichnct,

nicht als generischcs Mcrkmal und betraehtet demgemliss die aattungcTi der

eliaceae

Famil

Weise durcli Uberga

Lecanoraccae mit den Lecideaceae, Bei dem durch den polyphylctischen Ur-

sprung bedingten rarallelismus der riecbtengattungen und bei dem Umatand,

dass die Entwiekclungsgesehiehte der Stromcn noch nicht festgostellt ist,

scheint er derzeit angezeigter zu sein, die stromabildenen Flcchtcn genera als

eigene Familie zu beliandeln.

The same remarks were repeated without alteration in his

treatment of the family in the second edition of the same work

(Zahlbruckner, '26, pp. 81-82), and in addition the following

significant sentence was added at the end: ''Diesen Vorgang

befolgen anch die Mykologen/'

The most recent treatment of the family is that of Keissler

(^87), who stated in this connection (p. 422)

:

Pas Clmracteristiacho fiir die vorliegende Familie ist die Ausbildung eines

Stromas. Dieses Merkmal spiolt bekanntlich in der Mykologi(> boi den Pyreno-

myceten fiir die Abgrenzung der Gruppcn eino grosae Rolle. Es aebeint dalicr

wolil angezeigt, jene Gattungen der Flechten, welclie sicli durch ein solchcs

Stroma auszeichnen, zu vereinigen und als cigone Familie abzutrennen. An^ercr

meinung ist Vainio, der nur von einem Pseudostroma spricht, deasen Vor-

handonsein er nicht einmal als generisches Merkmal wcrtet, sondem die Gat-

tungen der Trypetheliace<m als Subgenera der analogen Gattungen bei den

Pyrenulaceen betrachtet. Dementsprechend fasst er zum Beilspiel Mclanothcca

als Subgenus von Pyrcnula auf. Es lasst sich ja nicht leugnen, daas inter-

niodiiire Formen zwischcn beidcn Famili^n vorkomnien. Es scheint aber doeh,

solango man liber die EntAvicklung des Stromas bei den Flechten noch nichta

Genaueres weiss, angezeigter, dem Beispiele der Mykologcn in bezug auf die

Wertung des Stromas zu folgcn und die Trypetheliaxreen als cigcne Familie

aufzufassen.

The existing lack of knowledge with reference to the detailed

development of the Trypetheliaceae has resulted in the pres-

ent paper. It is evident that special emphasis should be placed

on the hitherto unknown morphology of the so-called stroma.

Materials and Methods

has had at his disposal during the course of

gation numerous collections of

and fixed in the field in Costa Rica by
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Dr. C. W. Dodge during the summer of 1936. This has been

supplemented by personal collections made near Lake Pont-

chartrain, Louisiana, in the spring of 1937, 'and in several

states bordering the Gulf of Mexico (particularly Mississippi

and Florida^) during December, 1938, and January, 1939.

Material killed and fixed in the field was subsequently em-

bedded in parafiin (through the butyl-alcohol dehydration se-

ries recommended by Zirkle, '30) or in low-viscosity nitrocel-

lulose (Koneff and Lyons, '37) ; microtome sections were cut;

the resulting sections were stained and mounted in balsam.

Sections 7-10 n in thickness usually proved most useful for

observation, and Heidenhain's iron-alum haemotoxylin with a

counterstain of phloxine, the best staining combination. The
slides resulting form the basis of the morphological observa-

tions described below.

Morphology and Development

The thallus of the Trypetheliaceae is very simple. It can be

divided into three layers which may be designated as: (1)

following thecortex, (2) gonidial layer, and (3) medulla-
terminology applied in other groups of lichens (pi. 4, fig. 4).

The cortex of most members of the family is very poorly de-

veloped, consisting merely of those strands of hyphae inter-

mingled with the bark cells that are located above the algal

zone. Some lichenologists might object to calling the structure

a cortex, but it is homologous with that structure and for prac-

tical purposes must be considered a primitive one. In some
members of the family an amorphous crust is formed over the

tissue which covers the algal zone. The width of the tissue

here designated as cortical varies with the species, and it is

convenient to have a term for it that will be useful for taxo-
I

nomic reference. The gonidial layer is usually fairly thin,

somewhat poorly developedj and at times even seems uncon-
nected with the fruiting body of the lichen. The medulla con-

" The author wishes to acknowledge assistance offered in the field by Dr. T. W.
Brasfield and Mr, Severin Rapp, at Perkinston, Mississippi, and Sanford, Florida,

respectively, during this trip.
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sists of threads of hyphae intermingled with the bark cells that

are located on the inside of the gonidial layer.

In this section the life history of Melanotheca aggregata

will be described. For other organisms only such points will

be noted as are so similar to or so divergent from the processes

in M. aggregata as to deserve especial comment. Microscopic

measurements peculiar to the species are not often given, ex-

cept that the thickness of the cortex and gonidial layer is usu-

ally recorded. The latter structures are * 'lichen characters"

formed by the association of the fungus and the alga. The
degree of their development seems as indicative of the age of

the association as the morphology of the "stroma," to which
I

the greatest attention is naturally directed.

MELANOTHECA

Melanotheca aggregata (Fee) Miill. Arg.

—

It is convenient to begin the description of the development

of this species with the germination of the ascospore. This

spore swells slightly and a germ-tube is usually sent out from

one or both of the terminal cells ; the central cells, however,

frequently sprout also. Germination has been induced in vari-

ous nutrient solutions and on bark. Growth is not vigorous

with any of these but is relatively more so on bark where the

germ- tubes penetrate the surface and form a mycelial network

between the cells. The network has reached a considerable
I

size with algae absent.
I

Filaments of TrentcpoJilia are able to penetrate the bark of
I

many trees and they may live as far as eight to ten cell layers

below the surface. It makes little difference whether the alga

or the fungus inhabits a particular area first. After they come
in contact a distinct vegetative thallus is formed through their

combined growth.

The thallus of Melanotheca aggregata is completely em-

bedded in the periderm. The fungal component consists of

very slender, densely interwoven, hyaline hyphae which show
few septa. The youngest stages in the formation of the peri-

thecium consist merely of small spherical clumps of hyphae
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located on either side of the gonidial layer some distance below

the surface of the hark (pi. 2, fig. 1). The primordia may be-

come as large as 12 p in diameter before visible differentia-

tion takes place.

Darkening of the bark above the perithecial primordium
usually accompanies its earliest stages. The darkened area

grows wider and deeper throughout the subsequent growth of

the perithccium and pseudostroma as will be noted below.

The outer hyphae of the spherical mass assume a definite

polarity, growing toward the point which later becomes the

apex of the perithecium, and the mass becomes more or less

ovoid. The bark cells become more carbonaceous during this

process, and it seems fairly evident that the fungal hyphae
are the primary influences altering these cells. The ascogonia

are now delimited, several being produced in each perithecium

(pi. 2, fig. 2). Each ascogonium is composed of a spiral or

coiled series of uninucleate cells.

The tissue surrounding the ascogonia continues to alter the

bark cells, and these changes, combined with the pressure

formed by the ever-increasing mass of hyphae, give rise to

the perithecial cavity. Expansion continues until the tip of

the mass reaches the exterior of the bark and an ostiole is

formed. Trichogynes sent out from the ascogonia grow up-

ward and project in tufts through the ostiole (pi. 2, fig. 3). In

all cases favorable for examination they appear to be com-
posed of uninucleate cells. Though they usually extend barely

beyond the surface they have been recorded as reaching a

distance of 30 \i above the bark.

It should be emphasized that the perithecial cavity has been

delimited before great differentiation of the ascogonia has

taken place and that its actual formation is due directly to

the altering of the bark cells and the pressure exerted on these

cells by vegetative hyphae. It should also be noted that the

ostiole is formed by the action of these same hyphae before

the formation of the trichogynes (and if fusion of spermatia

and trichogynes occurs, before any ascogenous hyphae have
been formed).
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Spermagonia (pycnidia) become evident at this time. They

are exceptionally small in the material examined, being about

10-30 [i in diameter. Each spermagonium (pycnidium) con-

tains numerous minute spermatia (pycnidiospores). Although

these structures appear regularly enough to suggest that they

are a component part of the lichen it is also possible that they

might represent a parasitic or saprophytic imperfect fungus.

No cytological evidence for the fusion of spermatia with

the trichogynes has been observed. The trichogynes disappear

rapidly and the ascogonia enlarge, becoming multinucleate.

Several of the ascogonia give rise to ascogcnous hyphae, and

at least four to eight (sometimes more) can be readily identi-

fied within each perithecium. Branches given off by the asco-

gonia result in the formation of a concave layer at the base

of the perithecium (pi. 2, fig. 4). At the same time the perithe-

cium and the perithecial cavity increase in size, primarily

through the influence of the hyphae of the envelope upon the

surrounding bark cells. Many of these cells lose their normal

appearance, shrink, and become hard and carbonaceous.

Others are probably digested as the perithecial envelope and

its contents expand. Some, particularly those in the uppermost

two or three cell layers, are probably sloughed off.

It is common for several perithecia to arise in the same

vicinity and to develop simultaneously. Each perithecium,

however, originates deep within the substrate and develops

independently below the surface of the bark (pi. 2, fig. 7). At
the stage described to this point a stroma has not been formed

and there is no indication that one will be. Each peritliecium

is bounded by a definite carbonaceous Avail, although the bark

cells above it have also become dark and carbonaceous and
frequently extend the cavitv. The bark

often comiiletelv sur-

ounded by vegetative hyphae of the fungal component of

the bT

bonaceous tissue so as to include

several adjacent perithecia (pL 2, fig, 5). Individuals of this
r

'

species produce perithecia in such great abundance that prac-
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tically all eventually become embedded in this tissue by virtue

of their proximity to each other. The ''stroma" which de-

velops in this organism is obviously composed primarily of

bark cells and differs materially from stromata as ordinarily

conceived in the fungi, which consist only of fungous tissue.

Since the structure developed by this species is quite differ-

ent from the stromata of the fungi, and particularly from that

typical of the stromatic Sphaeriales, it is necessary to con-

sider a question of terminology. How should the stroma-like

pustule produced by Melanotheca aggregata be designated?

The designation stroma o-OJiMQi be applied, but the term pseudo-

sfroma (previously used by Wainio (1890) for the coverii

of the aggregate fructifications of certain genera, as GrapJiis,

Pertusaria, Trypethelium, etc., which are similar externally

but which have different microscopic morphology) might be

used in this connection. The term pseudostroma would then

come to have a specific meaning for the first time and would
be defined as an aggregate of perithecia in a pustule simulat-

ing the true stroma of the fungi, the pustule being composed
primarily of bark cells altered by fungal liyphae.

When Melanotheca aggregata has developed to the stage

described one finds extensive pseudostromata composed of

numerous perithecia (pi. 2, fig. 6). Each perithecium is a flask-

fc>

shaped structure with a carbonaceous wall (composed of

tative hyphae in connection with bark cells) and a loosely

arranged mass of very slender ascogenous hyphae at the base.

Numerous branches are sent out from this basal region (the

paraphyses). They are themselves unbranclied and they com-
pletely fill the perithecial cavity before any differing ele-

ments are noted. The hyphae are too small to distinguish

whether or not septa might be present, but it is evident that

they are multinucleate throughout the course of their existence.

After the paraphyses have filled the perithecial cavity the

first ascus primordium can be noted. It may bo distributed at

random among the paraphyses and it usually originates near
the center of the cavity. One cell near the tip of a hypha simply
becomes much larger and is seen with a definitive nucleus.
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I

The hypha from which this has arisen is similar to those which

gave rise to the paraphyses —very slender, with no visible
I

septa, and with several nuclei. Actual union of the nuclei has

not been observed at this point but conditions approaching

crozier formation are apparent, and all evidence points to

the fact that a nuclear fusion must take place here. The young

ascus enlarges rapidly, its nucleus increases relatively in size,

and the cytoplasm becomes quite vacuolate.

As the number of asci increase a more or less definite liyme-

nium is formed, and the hyphae at the base of the perithecial

cavity become more compact. The hyphae are so small and

the concentration of protoplasm is so groat that the heavy

stain that is taken obscures many details. As contrasted with

the nuclei of the ascogenous hyphae, however, the definitive

nucleus of the ascus is plainly visible.

Compared to asci in other members of the Trypetheliaceae

those of Melanotheca aggregata are rather small, and the de-

tails of nuclear division are not exceptionally clear. In spite

of this it is certain that the fusion nucleus undergoes three suc-

cessive divisions resulting in the formation of eight free

nuclei. Astral rays have not been seen but cleavage planes

are fairly evident. Eight uninucleate spores are delimited

from the epiplasm of the ascus and the process is evidently

similar to that described by many workers for other Asco-

mycetes. By two subsequent mitoses, accompanied by cell-wall

formation, a 3-septate spore, 12-18 x 5-7 p, is produced. The
spore is brown at maturity.

MelanotJieca cruenta (Mont.) Miill. Arg.

—

This species has a thin thallus, a cortex lG-55 \i, a gonidial

layer 10-45 \i, and a medulla varying in thickness. In most

cases the medulla extends a considerable distance among the

cells of the bark in which the plant grows —often to the extent

of 12-16 cell layers. In some of the layers, and particularly in

the uppermost, alteration of the bark cells from their normal

condition is easily observed.

Ascogonia may be produced either above or below the goni-

dial layer. They are first seen as hyphal coils and they de-
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velop in the same manner as those of Melanotheca aggregata

described above. The carbonaceous wall of the perithecium

becomes embedded in pseudostromatic tissue; it is composed

primarily of vegetative hyphae but encloses a large number of

altered bark cells. Such cells are not confined to the perithecial

wall but extend in all directions, forming pseudostromata.

Ascogenous hyphae arise in the lower portions of each peri-

thecium and give rise to asci and paraphyses. The young ascus

is uninucleate. Three successive nuclear divisions follow and
eight spores are delimited. After the formation of the asco-

spore membrane the nucleus of each spore divides to form a

3-septate spore 20-35 p in length.

The pseudostroma of this species may appear in varying

shades of red, forming a striking contrast with that of Melano-

theca aggregata which is quite black. The perithecia some-

times stand well exposed on the surface of the bark. At other

times they are borne entirely submerged with only an ostiole

projecting which is so minute that it can scarcely be seen.

Young pseudostromata are sometimes covered with cortex and

a gonidial layer but these structures have usually been shed in

older material. Sometimes the pseudostromata are continu-

ous and confluent
J

on a different type of bark, however, pus-

tules readily form. The elevation of the pseudostroma seems

to depend upon the nature of its substrate. Although the

pseudostromata of M. aggregata show great polarity of aggre-

gation, those of M. omenta exhibit great variations, both in

this regard and in other characteristics, resembling the varia-

bility of other groups of stromoid plants.

Melanotheca arthonioides (Eschw.) Miill. Arg.

The cortex of this species is 5-45 [i thick and contains few

distinguishable fungal hyphae. The gonidial layer is borne in

the bark and varies from 5-35 p in thickness. The medulla

extends several cell layers in depth. The substrate is con-

siderably modified by the activity of the fungal component of

the lichen. Counts on the number and disposition of the cells

of the bark disclose the probability that a number have been

removed during the formation of the perithecial cavity. The
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carbonaceous wall of the porithecium is denser than in any

species previously discussed, but in favorable sections it can

be ascertained that the structure is composed largely of bark

cells (pi. 4, fig. 6).

The perithecial initials and young peritliccia undergo indi-

vidual development, but the gradual expansion of the black-

ened zone of the bark cells unites adjacent ones into typical

pseudostromata. Single perithecia can sometimes be found

but they do not often occur. The cortex and gonidial layer

rarely seem in intimate connection with any carbonized bark

cells. Usually the contour of the bark is not appreciably modi-

fied by the pseudostromata, and in the specimens examined

the perithecia were completely immersed in the substrate. The

ascogenous hyphae, paraphyses, and the nuclear history of

the ascus are similar to those of other species of the genus.

Melanothcca concafervans (Nyl.) Zahlbr.

—

Macroscopically the thallus of this species appears rather

thin, almost as though algae were lacking. Microscopic exami-

nation reveals, however, that the cortex is 15-25 [i in thickness

;

the gonidial layer 15-30 p; the medulla extending some dis-

tance farther. The perithecial initial is located deep within

the bark (often below the gonidial layer) ; in its earliest stages

it consists of a few coils of deeply staining hyphae in a spheri-

cal mass. Trichogynos have been observed; they are delimited

slightly before the ascogenous hyphae appear. The early

stages of the perithecial cavity arc developed through the in-

fluence of the vegetative hyphae surrounding the perithecial

initial, but the paraphyses sent out from the young ascogenous

hyphae are responsible for its subsequent enlargement. At
maturity the perithecia are embedded rather deeply in the

bark, and the fungal hyphae exert visible effects on most of

the upper cell layers. As each perithecium develops, the zone

of carbonized bark cells spreads toward all sides and results

in typical pseudostromata. The details of development are

similar to those of the three other species of Melanotheca dis-

cussed above.
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TRYPETIIELIUM

Trypethelium tropicum (Ach.) Mlill. Arg.

—

Interesting characteristics of the gonidial layer are shown

by the material of this species. The algae develop very deep in

the bark of the tree upon which the lichen is growing and may
be present whether any fungal hyphae can be distinguished

or not. As the fnngus penetrates into the periderm the outer

bark layers are sloughed off until the cortex consists of only

one or two layers of bark cells surrounded by fungal hyphae

and the gonidial layer lies very near the surface. The cortex

is then 5-20 p, the gonidial layer 10-30 n in thickness. The
ascogonia have been found when the thallus is in this condi-

tion. The perithecial initials are either intermingled with algal

cells or are located just ahove the gonidial layer surrounded

by cortical tissue. Trichogynes are delimited and the entire

primordium is similar to the same structure in species of

MelanotJieca.

After the young perithecium is formed, however, further de-

velopment differs materially from any species of Melanotheca.

Additional fungal hyphae are built up on the exterior of the

ascogonial coils and a relatively large hyphal mass is pro-

duced. The mass is brownish in young stages but soon becomes

carbonaceous and increases in size during the growth and
maturation of the ascogenous hyphae and asci. The structure

formed is homologous with the perithecial walls of species of

Melanotheca as the latter structures are interpreted in this

paper. The perithecial walls are thus formed separately and
above that portion of the bark in which the cortex and gonidial

layer are located (pL 3, fig, 3). The nearness of some of the

perithecia to others results in a great many of them becoming
united, but the polarity inducing this is not nearly so great as

in Melanotheca. It would seem that little polarity exists in this

species, since almost as many perithecia occur alone as in

groups.

All lichenologists have not assigned the species discussed to

the genus Trypethelium although most modern authorities
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have done so, justifying such disposal upon macroscopic ob-

servation, for the masses of "united" perithecia are some-

what comparable in external appearance to the pseudostroma

of Melanotlieca (pi. 1, figs. 2 and 6). Microscopic examination

discloses the fact that Trypethelium tropicum differs as funda-

mentally in its morphology from Melanotheca aggregafa as the

pseudostroma ofM. aggregata differs from the "stroma" con-

ceived in the minds of lichenologists as characteristic of the

Trypetheliaceae. The "stroma" of Trypethelium tropicum is

not composed of coalesced vegetative tissue unconnected with

the perithecia, nor of altered bark cells, but of coalesced peri-

thecial walls, homologous to the perithecial wall embedded in

the pseudostroma of species of Melanotheca.
I

Trypethelium annulare (Fee) Mont.

—

The perithecial initials of T. annulare are located farther

below the surface of the bark than in any species of the genus

examined. The gonidial layer, 10-35 p in thickness, is often

located eight to ten cell layers down and the ascogonia are

borne below this layer. After the trichogynes disappear the

ascogonia enlarge into ascogenous hyphae. Many of the bark

cells around the young perithecium are rearranged and some-

what altered by fungal hyphae, though they never become dark

and carbonaceous, and the expenditure of considerable force

is a factor in the enlargement of the perithecial cavity. The

perithecium is usually solitary, and its development is uncon-

nected with that of any other. A carbonaceous perithecial wall

may be conspicuous although it is often incomplete. The peri-

thecium is embedded in cells of the bark. Such cells are almost

normal in appearance and the structure formed, though simi-

lar in construction to species of Melanotheca, differs greatly in

apiJearance (pi. 3, fig. 2). The extent of aggregation also dif-

fers from that genus for here many perithecia are solitary. It

is interesting to note, however, that when two or more peri-

thecia do occur in close proximity the cortical and gonidial

layers are then considerably raised and hyphal threads ex-

tend among several loosened bark cells from one perithecium

to the other. This does not often occur, and where possible the
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cortex sags to its natural level before rising above the neigh-
boring perithecium.

Although this species has usually been considered a member
of Trypethelium there is really less reason for its placement
there on the basis of our present system of classification than
for T. tropicum, described above. The organism is somewhat
similar to T. fropicum in its earlier stages of development.
However, a great difference exists in that the perithecial initial
of T. tropicum is found near the surface of the bark and the
perithecial wall stands free at maturity, whereas in T. an-
nulare the initials are located very deep in the bark with the
result that the perithecia are also deeply buried. The fact that
the perithecia are produced below the surface of the substrate
is probably the factor that has allowed the classification of this
species in the genus, for lichenologists looking at a specimen,
even under magnification, might think the perithecia embedded
in a commonstroma rather than in the bark (pi. 1, fig. 1). The
bark cells are arranged around the perithecia in a manner
similar to the pseudostroma of Melanotheca, but there is no
carbonized alteration of these cells and the cortex and gonidial
layers extend conspicuously throughout the structure. The
'I

stroma" of this species is thus to be interpreted as vegeta-
tive lichen thallus and the perithecia are to be considered as
merely immersed in the bark. The close proximity of occa-
sional perithecia, however, shows a tendency that perhaps
reaches a higher development in the species next to be dis-
cussed.

m
As in T. annulare, the perithecial initials are formed un-

usually deep among the cell layers of the bark. They are
formed below the gonidial layer, which is 11-25 u thick, and
covered by thickness. Perithecia
are developed singly but considerably greater polarity of
gregation is evident than in any species of the genus discussed
to this time. As the ascogonia develop and the perithecia ex-
pand, they raise, but do not rupture, the upper layers of the
bark, and the bark cells below the fourth or fifth layers become
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loosely arranged. The peritliecia develop a carbonaceous wall

formed entirely of fungal liyphae. The top layers of bark cells

are separated completely along the area of polarity, and the

cells just below these layers are forced apart so that they stand

loosely arranged in a network of fungal hyphae (pi. 3, fig. 1).

The entire body of the perithecium is located below the surface

of the bark, which usually contains both cortical and gonidial

tissues, but which remains unbroken itself.

The "stroma" of this species then consists of a raised

pustule with cortical and gonidial layers on the upper sur-

face, followed by a perithecial layer interspersed with a loose

network of fungal hyphae between somewhat altered bark cells.

This structure is quite different from anything previously de-

scribed in this paper, and the author suggests that the term

''substrottia" be used to refer to it. The term will be defined

as an aggregate of perithecia in a pustule, the pustule being

composed as much or more of fungal tissue than of bark cells,

with whatever bark cells are present being loosely and some-

what irregularly arranged. This structure is interpreted as

derived from species similar to T. annulare where at times

transition filaments were noted between perithecia which oc-
I

casionally occurred in close proximity.

Trypethelium eluteriae Spreng.

—

In this species the cortex is 24-60 p, the gonidial layer 35-70 m

in thickness. The perithecial initials are formed below the

gonidial layer and the polarity of their aggregation is even

more pronounced than in T. pallescens; consequently the ini-

tials are clustered in groups. As the clusters develop the mass

formed is so great that many of the bark cells above the pri-

mordia are sloughed off. Others become embedded in excess

fungal hyphae in a manner similar to the bark cells in the

substroma of T. pallescens. In this case, however, the peri-

thecia are so close together and so near the surface of the bark

that few bark cells can be enclosed (pi. 4, fig. 9).

Here, for the first time, we find a sort of "stromatic" struc-

ture which must be somewhat similar to that on which the

lichenologist's concept of the Trypetheliaceae has been based.
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At maturity a pustule composed primarily of interwoven hy-

phae is developed, within which perithecia are enclosed (pi. 1,

fig. 4). The pustule stands fairly free on the surface of the

bark and few bark cells are embedded in it (pi. 3, fig. 4). The
author considers this an advanced substroma in contrast to

the primitive substroma described for T. pallescens. His rea-

sons for not calling it a true stromatic form will be given in

the discussion. It is fairly easy to imagine a series of steps in

the evolution of such a substroma, starting with the condition

found in T. annulare, passing through T. pallescens, and end-

ing in T. eluteriae. In this series the development of perithecia

has been gradually transferred from below the bark cells to

within a fungal matrix, the transition being due primarily to

a gradual increase in the polarity of aggregation of perithecial

initials.

TOMASELLIA

Tomasellia aciculifera (Nyl.) Miill. Arg,

Cortical and gonidial layers of this species are very poorly
developed. Filaments of Trentepohlia do not form definite

algal layers but occur sparsely in isolated clumps. The peri-

thecial initials arise three or four cell layers below the surface
of the bark. Each perithecium begins development separately,

but many of them become joined at a later stage and typical

pseudostromata are then formed. Only five to ten perithecia

are embedded in each pustule, but otherwise this species is

similar to Melanotheca in ''stromatic" morphology. The wall
of the perithecium is incomplete and the ascogenous hyphae
appear to arise directly upon bark cells. If the species of Pi/re-

nula, represented in pi. 4, fig. 5, were pseudostromatic, a struc-

ture somewhat similar to that of this species would be ob-
served

LAUEEEA

madreporiformis (Eschw
The gonidia of this species are borne in groups a great dis-

tance below the surface of the bark. Often a layer 5-45 m in

thickness is formed, but the algae usually reproduce vigorously
in clusters and relatively large assimilative areas are pro-
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duced which push through the surface of the bark. lu this
I

process the top layers of bark cells are broken and the rem-

nants sloughed off, leaving only fungal hyphae which form

an amorphous crust representing cortical tissue.

Perithecial initials of this species are embedded in the bark

above the gonidial layer and consist of several ascogonial coils.

Trichogynes have not been seen. The initials are borne in

fairly well-defined groups and typical substromata, similar to

those of Trypetheliwn ekiferiae, are finally formed (pi. 1,

fig. 3). Bark cells fill the lower half of the substroma and a few
are also embedded in the perithecial walls (pi. 4, fig. 1).

Laurera sanguinaria Malmo

—

The development of this species is similar to that of L.

madreporiformis except that the perithecial initials are usu-

ally borne below the gonidial layer. The latter is only 10-25 n

thick, and is not quite so extensive as in the preceding species.

The substromata, however, are more widespread and are com-

posed predominantly of fungal tissue (especially in the lower

half of the structure). Conspicuous bark cells, arranged in

their natural layers, however, are found above the perithecial

walls (pi. 4, fig. 3). A typical substroma, similar to those of

Trypetlielium eluteriae and Laurera madreporiformis, is

formed.
BOTTARIA

Bottaria cruentata Miill. Arg, —

-

The cortex and gonidial layers of this species are relatively

well developed, being 20-40 n and 15-20 \\ thick, respectively.

The material referred to this species is interesting because it

shows the most striking case of alteration of bark tissue that

I have yet seen. The perithecial initials are borne extremely

deep in the bark and the entire altered portion of the pustule

may extend as far as 45 cell layers below the surface. The
structure developed is similar to the pseudostroma of Melano-
theca and although the earliest stages in its development have
not been found it was probably formed in a similar manner.

Bottaria must be considered a relatively rare genus, since
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Zahlbruckner ('22, '31) listed only seven species. Evidence
indicates that the material studied here might be a member of

the Astrotheliaceae rather than the genus to which it has been
assigned. The specimens, though, are identical with the mate-
rial described by Miiller-Argau (1885) for that species, and
they are considered here as the only authentic material avail-

able for our concept of the genus. Other species have at times

been incorporated in Bottaria, as Anthracothecium ochraceo-

flavum and A. pyrenuloides. These species are illustrated in

pi. 4, figs. 7 and 8, but at times aggregations of perithecia are
found whose macroscopic appearance would simulate the con-

dition found in Trypethelium annulare.

Cytology
I

Since cytological similarities are indicative of probable rela-

tionships it seems desirable that the cytological phenomena in

the asci of these lichens be compared with those described for

analogous fungi. No similar study has been made on any
member of the Trypetheliaceae ; the Moreau's ('32) observa-

tions upon Dermatocarpon constitute our only knowledge of

such processes among the Pyrenocarpeae.

Division stages are rarely encountered in sections of mem-
bers of the Trypetheliaceae made from material killed at ran-

dom Intervals. The author was fortunate, however, in securing

material of Trypethelium annulare which was more favorable

for study and which has yielded the observations recorded

below. A critical analysis of chromosome numbers and mor-
phology, with a discussion of the mechanism of spore delimita-

tion, is reserved for what is hoped may be a more compre-
hensive treatment at a subsequent time. The author is pri-

marily interested in showing how closely the processes ap-

proach those known for the fungi.

Asci and paraphyses arise from a layer of ascogenous hy-

phae located at the base of the peritheclal cavity,

is so dense and the elements are so small that it is difficult to

trace their course in serial sections. The outgrowths from the

ascogenous hyphae all appear multinucleate, and in most cases

The layer
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I

it is impossible to detect any differences in these nuclei. Occa-

sionally, however, the tips of the shorter ascogenous hyphae

appear somewhat recurved and the second nucleus is slightly

larger than the others. It is such a short transition from

this condition to the young ascus that the author is inclined to

interpret the penultimate nucleus as a fusion nucleus and the

recurved hypha as a crozier. Many transitions occur, not so

easy to interpret, but a uninucleate ascus always results whose

nucleus, contrasted to those of the ascogenous hyphae, is very

distinct. The resulting definitive nucleus does not at first dif-

fer in constituency from any of the nuclei originally present,

but it is slightly larger. The nucleus undergoes an increase in

size before it divides and the ascus shows a corresponding

change. While the nucleus enlarges it becomes less dense

and a chromatic reticulum and dark-staining nucleolus show

clearly. Usually chromatin threads arc attached to the nu-

cleolus. Spireme threads are organized. The nuclear mem-
brane disappears shortly after this stage and subsequent

development remains intranuclear throughout the division.

After the disappearance of the membrane small chromatic

fibers attached to the nucleolus radiate into the nuclear area.

The nucleolus disappears and the spindle develops in the same

area in late prophase. The spindle is located in the center of

the ascus and is much longer than in either the second or third

division. Chromatin globules are apparent at intervals on

the spindle fibers. Astral rays are rarely seen.

Two nuclei reorganize completely from the first division.

No cell wall is formed. The nuclei are much smaller than the

definitive nucleus. The nucleolus, though smaller, is just as

conspicuous. Numerous chromatic granules are present in the

nuclear sap. Only a slight interval exists between the first and

second divisions and the two nuclei divide simultaneously.

The spindle is rather short; astral rays are not seen.

Four nuclei, similar in size and appearance to those result-

ing from the first division, reorganize from the second divi-

sion. Some time seems to elapse between the second and third

divisions, but the nuclei do not increase in size j they simulate

(
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resting nuclei. A conspicuous chromatic reticulum is present

in the nuclear sap. The four nuclei divide simultaneously.

The spores are delimited immediately after the third divi-

sion. Astral rays have not been correlated with this process.

Definite cleavage planes seem evident as soon as the ascospore

initials become distinct, and the final delimitation from the

epiplasm of the ascus is due to their rapid development.

By virtue of the parallel arrangement of the spindles of the

third division the young ascospores occupy an oblique position

in the ascus. Growth of the ascus and ascospore is at first

very rapid but slows down considerably as the more mature

stages are reached. The uninucleate spore initial undergoes

mitosis, accompanied by the septation of the spore. The spore

and the ascus increase considerably during this division and

the bicellular spore is quite vacuolate. The membrane that

surrounds the spore has increased in thickness and is now a

well-defined spore-wall. A second mitotic division occurs after

which septa are again formed. During the last division both

the ascus and the spores have increased greatly in size; the

latter have secreted thicker walls. Eight three-septate spores

are always produced in each ascus.

Lichen Acms

A view frequently expressed is that the lichen acid is a

product peculiar to the lichen thallus and one that has been

^ built up by the continual association of fungus and alga over a

long period of time. Smith stated ('21) that their occurrence

^
is of particular significance because of the fact that they have

been found only in lichens and that they have been found in

the majority of lichens examined.

Tests for the presence of these substances are based upon
color reactions induced by certain chemicals. Such practice

was first suggested by Nylander (1866, 1867) who recom-

mended calcium hypochlorite and potassium hydroxide for

that purpose. Both of these have been universally used since

that time. In addition Asahina ('34) has recently proposed

f ^^

i\

» X

\

r
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the use of paraphenylencdiamine, and this reagent is now be-

ing widely used.

To provide data which might have some validity in indicat-

ing the relative abundance of lichen acids among the families

considered in this paper the reaction of several pyrenocar-

pous lichens with certain chemical reagents is given in table i.

Attention will be called to this data in the discussion below.

TABLE I

REACTIONS OF THE THALLI OF SOMEPYRENOCARPOUSLICPTKNS
WITH CHEMICALREAGENTS

Species
Calcium

hypochlorite*

Pyrenula nitida

PyrenuJa laevigata

Pyrenula Coryli

Porin-a ehJorotiea

Porina mastcndea

Pseudopyrenula Papula
I

Clathroporina amygdalina

Arthopyrenia pnnctif ormis
Arihopyrcnia rhyponta

Anthracotheeium ochraceoflavum
Anthriicofheeium pyrenvXoides

Melavothrea aggrrgata
Melatiothcca crm nia

Melanothrea arthonioides

Melanotheca concatervans
I

Trypethelium eluteriae

Trypcthelium ochroleuciim

Trypctheliv/m tropicum
Trypethelium pallesecns

Trypethelium virens

Trypethelium annulare

Tomasellia acieullfera

Bottaria cruentata

iMurera madrepor if ormis
Laurera ambigua
Laurera aanguinaria

-\

+

+

Potassium
hydroxide

+

f
+

+

+

+

+
+

+

+

+

+

+

p-phenylene
diamine

+

+

+

4-

* Calcium hypochlorite = saturated aqueous solution; potassium hydroxide = 7%
aqueous solution; p-phenyleuediamine - 0.1 g. in 5 cc. ^3% alcohol.

t -f = visible color change; —= no reaction.
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Spore Germination

The difficulty of growing lichens in artificial culture is one

of the reasons often advanced to support the belief that they

are so distinct physiologically as to "be monophyletic in origin.

As far as the author has been able to ascertain no attempts

have been made to culture members of the Trypetheliaceae.

Spore-germination tests on several members of the family

were made in a wide range of nutrient solutions and on various

agars, following the method reported by Wehmeyer ( '23). All

cultures were kept in a well-lighted room at 20-25° C. Little

difficulty was experienced in germinating spores within three

months of the date of collection of the material although the

percentage of germination was never high. Spores of material

dried for more than three months failed to germinate.

Trypethelium and Melanotheca: Spores of TrypetTielium

pallescens, T. ochroleucum, T. annulare, T. eluteriae, T. tropi-

cum, Melanotheca aggregata, and M. cruenta have been suc-

cessfully germinated and (with the exception of T. ochroleu-

cum) mycelium resulting has been grown in culture. In

Melanotheca aggregata considerable growth on bark has taken

place. These species possess phragmospores. The terminal

cells are invariably the first to germinate, and this often takes

place within forty-eight hours. Germination of the central cells

is not uncommon, although this usually does not occur until at

least twenty-four hours later. Young germ-tubes are non-

septate ; septation does not occur for at least one week.

Laurera: Spores of Laurera madreporiformis and L. mega-

sperma have been successfully germinated. Each merispore

may give rise to a germ-tube. A rather large number of germ-

tubes per spore may occur but three or four is the usual num-

ber seen. When fresh material is used germination may begin

within forty-eight hours. The germ-tubes remain non-septate

for one or two weeks, after which time septa are formed and

lateral branches may develop.

Transference of germinating spores of either group to agar

plates yields a rather slow-growing mycelium. Muriform
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spores rarely progressed beyond the germ-tube stage. Neither

asexual spores nor perithecia have been produced in cultural

studies. Furthermore, the mycelium, whether allowed to re-

main on the original medium or transferred to new substrata,

failed to live more than six months.

The cultural work undertaken on members of the Trypethe-

liaceae can be summarized as follows: (1) ascospores have

been successfully germinated in three genera and ten species

;

2) the spores, if taken from fresh material, show a low per-

centage of germination but produce mycelium under a vary-

ing number of conditions; (3) phragmospores usually germi-

nate from the terminal cells only, but germination of the cen-

tra! cells is not uncommon; (4) each merispore of a muriform

spore is a potential germ-cell; (5) mycelial growth on agar

cultures is exceedingly slow.

Substrate Relations

Lichenologists who have paid particular attention to the at-

tachment of bark-inhabiting members of the higher lichens

(foliose and fruticose forms) have agreed that if the rhizoids

penetrate below the surface of the bark they do not extend far

into the periderm (Schwendener, 1860, 1863, 1868; Lotsy,

1890). Bornet (1873) described the penetration of the fungus

and alga of crustoso forms into the periderm but did not men-

tion their action on the substrate. According to Frank (1877),

lichen hyphae and species of TrentepoJilia dissolve the cellu-

lose of the periderm cells and utilize nutritive material ob-

tained from this action. Lindau (1895) vigorously opposed

Franlv's conclusions, stating that the organisms could neither

penetrate the periderm cells nor dissolve the cellulose avail-

able. Fink ('13) gave a general discussion of the relation of

lichens to their substrata and made the following remarks in

that connection (p. 148)

:

It is certain tliat liypopliloedal lichens which live in the periderm for a

year or more outside the relation with an algal host must take nourishment
from the iioridorm, though thcj do not dissolve sufficient material from the

periderm walls to be detected by microscopic examination. So we must bolievf
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that these plants secure nourishment from the periderm without entering the

cells or producing appreciable diminution in walls or other effects that can

be detected without chemical analysis.

Bioret ( '22) examined the thalline structure of bark-inhabiting

Graphidaceae without reporting alteration of the bark cells by

members of the group.

It is very difficult to say what the relation of the Trypethelia-

ceae to their substrata might be. Each species should be con-

sidered as a specific case. Proof that food material is actually

obtained from the bark would be best if based upon chemical

analyses of the bark cells before and after growth of the lichen,

but this is almost beyond technical possibilities. Overwhelm-

ing evidence points to the fact that the lichens are not para-

sitic on the trees, although the author has often heard Dr. C. W.
Dodge point out that pyrenocarpous lichens on trees that had
just been cut would soon discharge their spores. I am able to

confirm these observations and to state further that I have

collected good fruiting material of this family only upon liv-

ing trees. Perhaps the moisture ordinarily present in the bark

is a necessary factor for vegetative growth.

"Whether or not some of the plants acquire a portion of their

food saprophytically, however, is another question. Admit-

tedly one hesitates to make such an assertion —for a statement

would be difficult to prove from purely anatomical considera-

tions. Attention might be called to the fact that the bark cells

composing the pseudostroma of species of Melanotheca are

altered by the fungus. The alteration does not seem to be

purely physical, but a definite carbonization, a chemical al-

teration, also occurs. This same condition has been observed

in Tofnasellia and Bottarla. In other genera evidence is not so

striking. Although the bark cells in the substromata of Trype-
thelium pallescens, for example, have been separated and cer-

tainly look as though something had happened to them, they

are no darker or more altered than those of adjacent bark.

If the plants should prove selective in substrate among trees

having the same characteristic bark anatomy the fact might
suggest preference for a certain type of food. Plants collected
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in Mississippi and Louisiana liave been studied in this regard.

Only those species collected ten or more times, hacked by her-

barium specimens of both lichen and substrate, are reported

here. Of the ten species of the Pyrenulaceae and Trypethelia-

ceae which fulfill these requirements, eight have been collected

on a single genus. Two other species have been collected on

three genera but variations in the anatomical characteristics
I

of the pseudostromata, cortex, and gonidial layer suggest that

two or even three species might be involved in each case. More

data must be accumulated, but

interesting to note that preliminary study in a relatively

limited locality indicates considerable lichen-substrate speci-

ficity.

The author is inclined to agree with Fink's ( '13) generaliza-

tion for certain hypophloedal lichens, as far as the Pyrenu-

laceae and Trypetheliaceae are concerned, i.e., that some of

these organisms must acquire a portion of their nourishment

from their substrata.

Notes on the Pyrenulaceae

The development of members of the Trypetheliaceae is very

similar to that reported by Baur ('01) for Pyrenula nitida.

Since this similarity is so great as to postulate close relation-

ship the morphology of species classified in the Pyrenulaceae

has been studied. In this section the author's notes on the

development of Pyrenula nitida will be compared with Baur 's

description. The microscopic morphology of some other spe-

cies of the family will be compared so that some concept of the

degree of development of certain characters (particularly the

gonidial layer and the extent of aggregation of the perithecia)

may be obtained.

Pyrenula nitida (Schrad.) Ach.

—

According to Baur ('01), the perithecia! initials are first

seen as hyphal knots located at about the same height as or

slightly below the gonidial layer. In the material studied by

the author they were found three and four cell layers below
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any algae present. Baur observed that early in development,

even before the differentiation of the ascogonia, polarity be-

comes evident and the hyphal knot grows toward the exterior,

the ends of the hyphae boring through the bark and reaching

the surface. He compared these hyphae with the first paraph-

yses of Pertusaria, Physcia, etc., and suggested that it was
their function to clear the way toward the exterior. In material

studied by Baur the perithecium increased in size and resulted

in a stage in which the form and almost the size of the mature

fructification were reached before ascogonia were delimited.

My material confirms these statements except that the asco-

gonia were produced in the early stages of perithecial expan-

sion. After ascogonia, trichogynes are formed which grow

toward the exterior and project beyond the surface of the bark.

As was emphasized for members of the Trypetheliaceae, the
4

perithecial cavity originates through the action of vegetative

hyphae and trichogynes emerge through an ostiole before any

ascogenous hyphae arise. The perithecial wall is not often com-

posed of disintegrated substrate but the base of this wall is

coalesced with dark, carbonaceous bark cells. A perithecium

is covered by or partly immersed in the substrate, depending

upon its state of maturity. In youth the uppermost bark cells

cover it; later it breaks halfway through. The perithecia

are almost spherical, 300-900 p in diameter, and sometimes are

clustered, showing a tendency to aggregate in groups. The
perithecial wall is complete. The development of this organism

is so strikingly similar to members of the Trypetheliaceae as

to be almost identical.

Other Species: —
In Pyrenula Coryli Mass. the gonidia are exceptionally

sparse; I have found them very infrequently and only in the

neighborhood of perithecia. The gonidial layer of Pyrenula

laevigata Arn. is very variable ; often, however, it consists of

only a single cell embedded in a mass of hyphae. The thallus of

ArtJiopyrenia punctiformis Mass. is composed primarily of a

black layer or a black scale over the surface of the bark
;

gonidia
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arc rarely found and in all cases observed consist of single cells.

In the three species listed in this paragraph the perithecia

never show any transitions toward a pseudostromatic or sub-

stromatic structure.

In Anthracothecium ochraceoflavum (Nyl.) Miill. Arg. and

A. pyremdoidcs (Mont.) Miill. Arg., on the other hand, well-

developed gonidial layers are found. In A. ochraceoflavum the

cortex is 15-65 p and the algal layer 5-20 m thick. A. pyrenul-

oides has a cortex 20-55 and a gonidial layer 10-20 p thick. In

both species the perithecial initials are borne below the surface

of the bark, and the perithecia may arise near each other or be

widely separated. These transitions make the generic determi-

nation of the species a matter of opinion, for it would seem

from macroscopic appearance that the specimens examined
could equally well be assigned to Bottaria.

Anatomical observations on the species mentioned, as well

as on others whose descriptions are omitted, support the fol-

lowing suggestions: (1) some members of the Pyrenulaceae

arc very primitive lichens as far as the relation of the fungus

to the alga is concerned; (2) there are tendencies to evolve

aggregated perithecia and a well-developed gonidial layer in

tlio family; (3) some species show a morphology smiilar to that

of species assigned to the Trypetheliaceae.

Discussio]sr

The morphology displayed by members of the Trypetheli-

aceae makes necessary the discussion of a descriptive term that

has been used in connection with the group. This object of par-

ticular concern is the terra stroma of whicli recent elucidations

have been given by Orton ('24), Wehmeyer ('26), and Miller

('28a) for certain fungi, A stroma is ordinarily defined as a

fungus body formed of coalesced hyphae that does not arise as

the result of a sexual stimulus. Although admitting necessary

broadness in defining this structure it hardly seems logical to

accept a definition such as the above which would place all

paraplectenchymous and pseudoparenchjTuous tissues in

stromatic genera whether connected with fructifications or not.
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Examples are : the cortices df many lichens, the rhizomorphs of

Basidiomycetes, sclerotia, etc. Miller's paper ( '28a), in which

he implies that all Sphaeria es are partially stromatic, is based

upon important theoretica! considerations, but actually the

best that he does to limit the term is to consider coalesced

hyphae belonging to the haploid generation stromatic tissue.

The designation stroma has been applied to structures in

many families and many geiiera, often without sufficient knowl-

edge of the microscopic morphology of the structure involved

and without a basis from de^'^elopmental morphology. The term

was first used in connection "with the structures on or in which

the perithecia of Sphaeria are borne (Persoon, 1796). Five

years later Persoon (1801) employed the term only in connec-

tion with a certain group ot his genus Sphaeria, the examples

given now being assigned to Cordyceps, Xylaria and Hypoxy-
lon.

Xylaria, Hypoxylon, and some of their relatives have been

shown to have a similar typ(! of development in which the tissue

bearing perithecia is divided into two layers (Fiiisting, 1867;

Lupo, '22; Miller, '28a, '28b; Brown, '13; Dawson, '00; Weh-
meyer, '26). Conidia are usually produced from an outer

layer; subsequently perithecial initials develop near the outer

portion of the inner layer.^ Such correlated characters have

given rise to the opinion that these genera must be members of

natural groups, and these groups have been consistently called

''the stromatic Sphaerialcs" and ''the stromatic Hypocre-

ales." There would be some advantage on the basis of exact

usage to limit the term stroma to those groups which possess

the following combination (if characters: (1) perithecia borne

in a mass of interwoven vegetative tissue; (2) mass divided

into two layers; (3) asexual spores produced by the outer

layer; (4) perithecial initials developed from the outer por-

tion of the inner layer. The structure could then be definitely

delimited on the basis of a, combination of fairly easily ob-

served microscopic charactors.

Although some of its relatives do, Cordyceps does not pos-

sess the correlated characters mentioned above (Varitchak,
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'31; Jenkins, '34). In Cordyceps the perithecia are borne in
I

a mass of purely vegetative hyphae, and current usage per-

haps demands that this structure also receive the appellation

stroma. The separation of *
' stromatic '

' forms from their near-

est intergrading relatives is a difficult problem. The term

stroma has been applied to so many structures that only one

with a conservative attitude and proper acquaintance with all

forms involved should try to limit it, but one set of the near

intergrades must be discussed because it occurs in the group

studied hero. The author feels that the term stroma was never
r

meant to apply to structures which were not purely fungal

in nature, as is the case in members of the Trypctheliaceae.

Even though one might claim the presence of bark cells rela-

tive and contend that pustules almost devoid of bark cells are

entitled to be called stromata, the question of their separation

from structures with more bark cells (Trypethelium pal-

lescens, for example) becomes a matter of great difficulty.

Here there would be great advantage, particularly as far as

any phylogenetic significance attached to the term is con-

cerned, to have the structure based upon a combination of char-

acters as was suggested above, rather than upon a single

feature. If the meaning of the term is to be at all relative, how-

ever, current usage would seem to demand at least that a

stroma be composed entirely of fungal tissue, rather than to
r

admit that structures containing bark cells could come within

the scope of the term. The latter alternative would leave open

the possibility that such forms as Melanotheca aggregata

(where the ** stroma" is composed primarily of altered bark
cells) could be called stromatic. The developments of the

pseudostroma of Melanotheca and of the stroma of Ilypoxylon

are so different that the application of the same term to the

structures in which their perithecia are borne seems absurd.

For the reasons given I contend that a true stroma has not

yet been found in the Trypctheliaceae. Following such reason-

ing I have felt it necessary to define two other terms on the

basis of microscopic morphology for the more accurate descrip-

tion of members of that family —and perhaps of other organ-
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isms that will be found to s'mulate the formation of a stroma

on macroscopic appearances. These are: pseudostroma —an
aggregate of perithecia in a, pustule, the pustule being com-
posed primarily of bark eel's altered by the fungus; and suh-

stroma —an aggregate of perithecia in a pustule, the pustule

being composed of as much or more of vegetative hyphae than
of bark cells. That ther3 are transitions between non-

stromatic, pseudostromatic,^ substromatic, and possibly stro-

matic forms is of course inevitable, but the recognition of the

tendencies of evolution within various groups makes their dis-

tinction important.

The occurrence of various types of ''non-stromata" and of

intermediate transitions between these and substromata within

generic groups (as the four types of development described in

Tr yp eth elium ) indicates that we must regard the taxonomy
of the Pyrenulaceae and Trypetheliaceae as in an unsettled

state. Opinions on the limi1;ations of the genera involved are

withheld pending a taxonomic revision of the group.
F

Almost all investigators throughout the history of lichen-

ology have recognized the aggregation of perithecia into a

"stroma" as a matter for family distinction (see p. 2). This

has resulted in placing Melnnotheca, Tryp eth elium, Tomasel-
lia, Laurera, and Bottaria m a single family, the Trypetheli-

aceae. Exceptions to this practice have been proposed by
Wainio (1890), who considered the above genera as subgenera
of the corresponding genera of the Pyrenulaceae, and by Wat-
son ( '29), who distributed the same genera among two different

f

families, the Arthopyreniac 3ae and the Pyrenulaceae, depend-
ing upon the shape of the spore partitions and the nature of

the paraphyses. Zahlbruckier ('26) and Keissler ('37) con-

sidered the Trypetheliaceae' a natural family. Their reasons

for such treatment give a forceful conception of the status

of the knowledge of the mor]3hology of its members previous to

the publication of this papiir. They merely imply that since

the character of the "stroma" plays such an important part

in the division of lower groups in the Pyrenomycetes it should
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likewise be permissible to do the same thing among lichens —at
I

least as long as nothing certain is known about the develop-

ment of the lichen ''stroma."

In this paper the morphology of this so-called stroma has

been described for several species at present classified in the

Trypetheliacoae and some of the uncertainty with regard to its

origin and development hasbeen removed. Of the twelve species

which have been most carefully studied only three have been

shown to possess the morphology considered characteristic of

the Trypetheliaceae. Four species of Melanotheca, and one

each of Tomasellia and Boff aria are pseudostromatic. Three

species of Trypcthcliiim have not evolved well-developed sub-

stromata. Only Trypcflielium eluteriae, Laurera madrepori-

formis, and Laurera sangmnaria possess the latter structures.

Future investigation will add more species to each group, but

the recognition of these divergent types of *'stromatic" mor-

jihology and of tlie transitions between them is one of the chief

contributions of this paper. In several species perithocia are

borne in a definite plectcnchymous tissue but all intermediate

types and transitions from merely immersed to pscudo- or

substromoid and from solitary to aggregated perithccia have

been found, not only within the family, but also witliin some

of the recognized genera. Other points are also pertinent here

:

(1) The spore characters are extremely divergent. The pres-

ent treatment of these genera postulates the aggregation of

perithecia into a pustule as of more phylogenetic value than

the difference between a dark, elongate spore with Icntiform

partitions (Melanotheca) and a hyaline, muriform spore with

cuboid partitions (Laurera). Developmental studies upon the

organisms involved have disclosed the variation in pseudo- and

substroraata and have shown that such is not the case. (2) The

absence of one-celled spores and the prevalence of dark spores

indicate that the Trypetheliaceae as at present conceived in-

cludes genera that are very advanced from the standpoint of

the fungal component. Altogether this evidence is sufficient to

show that the Trypetheliaceae as delimited by Zahlbruckner,

Smith, Keissler, and others does not bring together closely re-
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lated forms and that furthe:' search should be made to find a

proper place in which the various genera might be disposed

in a more natural system.

In searching for a place to dispose of these genera one would

naturally consider the fungi, particularly the sphaeriaceous

forms. It has already been pointed out that they cannot be

placed with the group wherii they have often been associated

on theoretical grounds, the * stromatic Sphaeriales," because:

(1) The large, septate spores, of the lichen genera are aberrant

in series with the small non- or one-septate spores of the fungal

groups. (2) Correlated characters such as the production of

conidia from a well-defined ectostroma and the origin of peri-

thecial initials in the entostrcma do not occur in the Trypetheli-

aceae. (3) Bark cells occui" in the pustule containing peri-

thecia. A true stroma, therefore, is not produced; pseudo-

stromata and substromata only occur.

There is no doubt but tha^; the structure of the perithecium

of these lichens simulates the same structure in the Pyreno-
mycetos, and the asci of the two groups are almost identical.

The asci enclose eight spores delimited from the protoplasm
of the ascus after three successive divisions of a definitive

nucleus. The ascus of the Pj renocarpineae is so similar to the

ascus in the Pyrenomycetineae that the common origin and
consequently the monophyletic divergence of their members
must be assumed. Granted that the members of the Trypetheli-

aceae (and most other licher.s) should be considered members
of the Ascomycetes rather tlian as a class coordinate in rank
with them, the problem becomes that of deciding just how di-

visions should be drawn in that group.

An overwhelming mass of evidence indicates the close rela-

tionship of pseudo- and subsiromatic species with plants classi-

fied in the Pyrenulaceae. This could even be assumed from
theoretical considerations, for according to Zahlbruckner's

('26) classification, the group, if treated as lichens, must be
attached to this family simply because no pseudostromoid
or substromoid lichens have been described with Palmella or

1

Protococcus gonidia. Factual evidence is presented through
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file similarity of the Tnaiiiicr of development of the Trypofheli-

aceae with that oiPyremda nitida (Baur, '01). This similarity

is evident in the ascogonia, trichogynes, pcrithecia, etc., and

suggests that the two families be united. Since numerous

transitions can be found between the "stromatic" and '*non-

stromatic" lichens, particularly with reference to the degree

of aggregation of the perithecia, this disposal would obliterate

the present confusion caused by using this character as a basis

for family distinction. Furthermore, the spore forms, though

differing as greatly within the family as before, can now be tied

up with a phylogenetic scheme, the progression taking place

both with reference to the degree of pscudo- and substromatic

development and to the increasing septation of the spore. The

lines of evolution can also be kept distinct with reference to the

shape of the spore cells and the color of the spores.

For the above reasons the author prefers to regard the

pseudostromoid and substromoid genera of the pyrcnocarpous

lichens as advances from simpler lichens usually classified in

the Pyrenulaceae and to consider the genera of the Trypethe-

liaceae more logically placed as terminal members of the Pyre-

nulaceae. Thus, Trypcilidiiim is regarded as having been de-

rived from Pscudopyrcnida, Melanoilicca from Pyrcnida, To-

masellia from Arthopyrenia, etc. Such an arrangement postu-

lates that evolution in the group has proceeded from forms

with simple spores, undifferentiated tlialli (in the sense that

neither a definite cortex nor a well-defined gonidial layer is

evident), and single pcrithecia to more advanced forms with

septate-elongate or muriform spores, well-developed cortices

and gonidial layers, and a tendency toward the aggregation of

the perithecia.

One is greatly impressed by the fact that some of the species

examined, e.g., particularly Pyrenula Coryli and possibly

ArfJiopyrenia punctiformis, lie on the very border-line be-

tween the fungi and the lichens. In many places no algae can

be found in their tlialli. In other species where algae are not

often found the gonidial layer may sometimes bo relatively

well developed. I have found several cases where perithecia
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occurred 2 mm. to 2 cm. distant from the vegetative portion of a

thallus. These transitions indicate a variability in the relation-

shijo of the fungus with the alga and suggest the possibility that

in some cases the fungus mii^lit be able to live without the alga,

utilizing the cells of the barl: directly for nutritive purposes.

In all species the thallus arises from a germinating spore,

and in the beginning it must act as a saprophytic fungus grow-
ing upon wood. This proces 5 has been followed experimentally

with Mdanotheca anqrenat'i. The alfial colonies are enclosed
P

and the thallus is formed only at a later date. Thus it seems
that the pyrenocarpous lichens mentioned must spend a por-

tion of their life as purely saprophytic fungi; the other is spent

in combination with an alga.

Lichenologists have made_ much of the mode of nutrition of

the lichen and refer to its strict symbiotism as a claim for

phylogenetic distinctness. In addition to the points noted

above it seems fairly evident that in some species of the Trype-
theliaceae the fungal component can utilize tissue of the sub-

strate after combination \^ith the alga. Attention has been
called to the fact that the bark cells are altered in a great many
species. Particularly striking examples may be found in the

pseudostromata of species of Mdanotheca, Tomasellia, and
Bottaria, where chemical changes occur and the resulting

structures consist primarily' of carbonized bark cells.

These observations, with certain facts to be discussed below.

Py
dev of lichens. Ap

parently those species on the border-line between the 1

and the lichens do not requi :e algae for their development
hence they must be able to obtain some food saprophyti

from their substrate : an uiidoubted funsral or nrimitive (

I J

far Whether some
substromatic species obtain food from the bark is very diffi-

cult to ascertain, but some ('f them do still retain the ability to

alter the bark cells. Although the utilization of food produced
by the alga is somewhat more advanced than the state dis-

played by saprophytic fungi, the advance is hardly to be con-
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sidered as great as in those species where the bark is unaltered

by the fungus.

Soredia, which are distinctive marks of vegetative evolution

in other groups of the lichens, have not been found in the

Pyrcnocarpeae. Their absence would postulate that the entire

tribe had formed the symbiotic relationship with the algae in

relatively recent time. Other significant facts pointing toward

this same conclusion are: (1) there are few gelatinous (bluc-

grcen) forms in the same group
; (2) very few foliose and fruti-

cose genera have been described in the group
; (3) the number

I

of pseudostromatic and substromatic forms is small when the

group is contrasted with the fungi.

Wehmeyer's ('26) ideas with regard to the evolution of a

stroma can be followed in the Pyrenulaceae. This gives addi-

tional support to the conception advanced above

:

The stroma has arisen in the Sphaeriales from simple Pyrenomycetes in wliicli

perithecia were immersed in the host or substratum tissue. . . . The first

evidence of a primitive stroma appears as a blackening of the surface of the

substratum. . . . The next step is the proliferation of the mycelium within the

substratum. (See p. 580 for exact statements.)

Species similar to Pyrenula Coryli represent the stage in which

the perithecia are immersed in the substrate; species similar
I

to Melanotheca aggregata, the stage in which the surface of the

substrate is blackened ; species similar to Trypethelium elu-

teriae, the stage in which the mycelium has proliferated into

a substroma. Differentiation into ecto- and entostroma, how-

ever, has not yet taken place and this group has, therefore, not

evolved as highly as correlated groups of the fungi.

Certain conflicting evidence can also be explained on the

assumption of recent symbiotic union in this group: i.e., the

fact that the genera concerned present some rather advanced
characters with regard to the fungal component (spore septa-

tion, size, and color) but some very primitive ones from the

standpoint of their thalline characters (development of a cor-

tex, presence of foliose and fruticose forms, absence of gelati-

nous forms, etc.). The origin of the symbiosis of Pyrenulaceae
would be sought among rather advanced fungal genera.
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Lichenologists have pointed out the characteristic disposal

of the lichen acids as an aid in establishing the great antiquity

of the lichen thallus. It seijms that members of the Pyreno-
carpineae are not nearly so rich in lichen acids as are some of

the other lichen groups. In 1907, Zopf did not record a single

lichen acid of known chemical composition from the Pyrenula-

ceae, and to the best of the author's knowledge none has been
isolated since that time. Perhaps this scarcity of knowledge
is correlated with their less frequent occurrence. The applica-

tion of chemical reagents Indicates that they do occur, but
they seem more abundant in advanced groups (see table i).

Few of the ''border-line" species gave reactions with either

calcium hypochlorite, potasijium hydroxide, or paraphenylene-

diamine —forms with well developed gonidial layers being

more abundant among those that did do so. If such crude tests

as have been made are indiciitive of the presence of lichen acids

(and they usually detect a great many of them) this fact seems
of some significance. One cannot hold all lichen thalli to be

ancient in origin simply because some species possess lichen

acids, nor does it follow that all species without them are

primitive. But if the presence of lichen acids be an advanced
. ff

character in this group the data at hand support the sugges-

tion that the ''border-line" Jichens are primitive and that other

forms are more advanced. Although the author would agree
with other lichenologists t'lat the variety and specificity of

the lichen acids, coupled w:.th the many changes in the vege-

tative thallus of such groups as the Cladoniaceae, Parmeli-
aceae, Usneaceae, etc., certainly attest to the great antiquity

of those families, the evicjence found in the Pyrenulaceae
favors the hypothesis of the recent association of the fungus
with the alga.

One fact which does not favor such an assumption is the lack

of known asexual spore forms in the Pyrenulaceae. Of course,

these have not been determined for a great many Ascomycetes,
but since the spores and resulting mycelium of advanced mem-
bers of the family can be cultured it seems as though the primi-

members of the f am They
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were not x)roduced in six months of culture but varying condi-

tions might modify the results obtained.

Miller ( '28a) published an important paper from the stand-

point of theoretical mycology in which he distinguished the

Dothideales aud the Sphaeriales as follows: Sphaerialcs,

characterized by a diploid perithecial wall, lack of pseudo-

parenchyma in the perithecial centrum, true parapliyses and

periphyses, concave hymenial layer, and ostiole schizogenous;

])othidoales, with no diploid perithecial wall, pscudoparen-

chyma in the perithecial centrum, no paraphyses and periph-

yses, concave to flat to convex hymenial layer, and ostiole

lysigenous. The paper is also of interest because of the discus-

sion of such terms as stroma, ostiole, perithecial wall, paraph-

yses, etc. Since the author is suggesting that for the present

the Pyrenulaceae be considered members of the Sphaeriales,

attention must be called to the fact that some of the characters

lisied cannot be easily ascertained for the Pyrenulaceae.

The specimens examined in this study usually gave rise to

the ostiole before the formation of the ascogcnous hyphae, and

trichogynes projected through the opening so formed. It is

more likely that this opening persists until maturity than that

it is closed after the trichogynes disappear, making necessary

the formation of another ostiole at maturity. Some evidence

also exists that bark cells are digested by certain species dur-

ing the formation of the ostiole. In this connection it is inter-

esting to note that de Bary (1884, p. 207) stated that the ostiole

is predominantly schizogenous in species of Sore! aria, Mrlano-

spora, Claviceps, Epicliloe and Eiifype, but lysigenous in Dia-

tnjpe, Vcrrucaria, Endocarpon, PyremiJa, and Massaria

(Fiiisting, 18G8). Dodge ('37) reported lysigenous ostiole

formation in a species of LepfospJiaeria.

The presence, absence, or nature of the paraphyses has been

used taxonomically in the Pyrenulaceae to a considerable ex-

tent. In tills faniilv branched or nnbranched paraphvses e,-row

om cavitv.

The small size of the component elements makes it d

ascertain whether the structures are diploid or multi
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for septa cannot be distin jiiislied. If a diploid membrane
exists independently of the paraphyses surrounding the asci

it is completely fused witi bark cells, carbonized haploid

hyphae, or is very difficult to see. Periphyses have been hard

to demonstrate. Paraphyses are usually present in young, and

absent in old material, so thit their presence or absence is not

essentially a good taxonomic character. It seems significant

that after the maturation of the spores the paraphyses (like

the membranes of the asci) usually disappear.

S JMMAEY
H

(1). Previous to the puKication of tliis paper no develop-

mental study of any lichen aissigned to the Trypetheliaceae had
been made.

(2). Details of development are recorded for species as-

signed to the five older gentjra considered in that family. No
material of Trypetheliopsif, a recently described monotypic

genus from Japan (Asahin;i, '37), has been available for ex-

amination.

(3). The development of Melanotheca aggregata is de-

scribed from the germination to the maturation of the asco-

spore. In culture the spore gives rise to mycelium that may
live some time without the presence of an alga. In nature, how-
ever, the fungal component contacts an alga early in its growth
and a lichen thallus is formed. Ascogonia provided with

trichogynes are produced and spermagonium-like structures

have been found. No eviden3e for the fusion of spermatia with

trichogynes could be seen. The perithecial primordium^ con-

sists of several ascogonia surrounded by a sheath of vegeta-

tive hyphae. The gametophytic tissue is active in cutting out

the perithecial cavity and in the formation of the ostiole. The
ascogenous hyphae give rise to branches, some of which ulti-

mately produce asci. The cytological phenomena involved in

the production of ascospores are essentially the same as those

described for other Ascomycetes. The so-called stroma of M.
aggregata is composed primarily of bark cells, evidently

altered by the fungal hyphaj of the lichen. The blackened area
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I

I

is first evident with the origin of the ascogonia and gradually

expands so as to embrace several perithecia that develop in the

same vicinity. The term pseudostroma is suggested for struc-

tures of this kind.

(4). All species of Melanotheca investigated are members of

a fairly natural group. Their development is similar to that of

M. aggrcgata, and the formation of a pseudostroma seems a

character of the genus.

(5). Species assigned to Trypethelium are more variable

and four types have been differentiated: (1) T. tropicum in

which the perithecia become superficial and the aggregated

perithecia are united merely by coalesced perithecial walls;

(2) T. annulare in which the perithecia are borne below the

surface of the bark without stromoid structures; (3) T. pal-
I

lescens in which primitive substromata are formed; (4) T.

eluterlae which forms highly developed substromata.

(6). Species of Bottaria and Tomasellia investigated pos-

sessed pseudostromata ; those of Laurera possessed sub-

stromata.

(7). The Trypetheliaceae cannot be considered a natural

group because of transitions between similar forms with and

forms without pseudo- and substromata.

(8). The genera that have been placed in the Trypetheliaceae

fit much better as terminal members of various series in the

Pvrenulacoae.
I

(9). Some of the lichens with pseudo- and substromata have

evolved from lower groups of lichens. They are not merely

analogous pseudo- or substromatic Sphaeriales parasitic on

species of algae.

(10). The Pyrenulaceae are Ascomycctes and should be

considered as such; at the present state of our knowledge they

should be classified in the Sphaeriales as a family equal in rank

with the Sphaeriaccae and as derived from them.

(11). Cultural records are given for species of Melanotheca^

Trypeihelhim, and Laurera.

(12). Data are presented with reference to the relative
I

abundance of lichen acids in the Pyrenulaceae. These data cor-
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relate closely with the siig^.^estions made in this paper with re-

spect to the relationships wdthin the group.

(13). The author is inclined to believe that some of the

species studied acquire a portion of their nutrient material

saprophyticallj from thei:: substrata.

(14). The data present 3d favor the supposition that the

first symbiosis in the Pyrcinulaceae occurred in relatively re-

cent time with rather advanced fungal components and that

the fungi and the lichens [as far as the family is concerned)

have evolved concomitantl v^ since that time.
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Explanation of Plate

PLATE 1

Habit sketches, illustrating the macroscopic appearance of several pyrenocarpous

lichens. These sketches should he compared with photomicrographs of identical

or reflated species which will be found in the other plates. In some cases this plate

shows variation in the degree of aggregation of perithecia; in others it suggests

how structures differing greatly in microscopic morphology seem similar macro-

scop ically. Miss Elizabeth Heuser assisted in its preparation, (x approx. 12

diameters.)

Fig. 1. Trypcthclium annulare.

Fig. 2. Melanotheca aggregata.

Fig. 3. Laurera madreporiforviis.

Fig. 4, TrypetheUum eluteriae.

Fig. 5. Pyrenula mamillaiia (Ach.) Trevia.

Fig, 6. TrypetheUum tropicum.
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Explanation of Plate

PLATE 2

Photomicrograplis illustrating stages in the development of Mclanothrca ag-

grcgata, (Mapufications approximately as follcR-s: figs. 5 and 6, x CO; fig. 4, x

110; figs. 1 and 7, x 200; figs. 2 and 3, x 500.)

Fig. 1. Two perithecial initials. They are formed a few cell layers below

the surface of the bark.

Fig, 2. Young perithecial initial, showing ascogonia.

Fig. 3. Perithecial initial, showing ascogonia and trichogynes.

Fig. 4. Perithecium with a layer of ascogenous hyphae at its base. The

''blackened area" which will form the pseudostroma is fairly well developed. This

area is quite dense, but its cellular nature is suggested in the lower right-hand

portion.

Fig. 5. Early stage in pseudostromatic development. The surface of the bark

has become blackened, and this zone encloses several perithecia that have de-

veloped in the same vicinity.

Fig. 6. Mature piseudostroma and peritliccia.

Fig. 7. Lateral section of a mature perithecium, showing its relation to the

pseudostroma and to unaltered bark cells.
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Explanation of Plate

PLATE 3

Photomicrographs illustrating the varying microscopic morphology among

species that have usually been assigned to the genus Trypetheliv/m (x approx. 200

diameters).

Fig. 1. Trypethclium pallescens.

Fig. 2. Trypethelium annulare.

Fig, 3. Trypethelium tropieum.

Fig. 4. Trypethelium eluteriae.
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Explanation of Plate

PLATE 4

Photomicrographs of the vegetative and reproductive structures of various

pyrenocarpous lichens (x approx. 200 diameters).

Fig. 1, Laurera madreporiforviis. A large number of bark cells are present in

the lower portion of the substroma.

Fig. 2. Laurera chapadensLs Malme, Bark cells surround the perithecial wall.

Fig. 3. Laurera sangidnaria. Note the layer of bark cells above the central

peritheciuin.

Fig. 4. Thallus of Trypethelium eluteriae.

Fig, 5. A species that has been assigned to Pyrennla. Several bark cells near

the perithecium have been considerably altered.

Fig. 6. Pseudostroma of McJanotheea arthonioides. Its cellular nature is evi-

dent opposite one of the lower perithecial cavities.

Fig. 7. Anihracotliecxum ocliraccoflavum.

Fig. 8. Anthracoiheciuvi pyre-nuloides.

Fig. 9. Trypethelium eluteriae, A number of bark cells are visible in the upper

portion of the substroma.


